The object of this study was to estimate heritabilities and sire breeding values for stayability and reproductive traits in a composite multibreed beef cattle herd using a threshold model. A GFCAT set of programmes was used to analyse reproductive data. Heritabilities and product-moment correlations between predicted breeding values for stayability at 36, 48, 60, 72 and 84 months of age, calving success and longevity were estimated. The estimated heritabilities on the underlying scale for these traits were 0.06, 0.10, 0.06, 0.03, 0.11, 0.03 and 0.08 respectively. Product-moment correlations between breeding values for stayability traits were low. The highest correlation of 0.22 was obtained between the ages of 36 and 48 months. Heritability estimates and correlations between traits appear to be of such a low magnitude that selection for these characteristics would result in limited genetic improvement, and also indicate that sires had little influence on the stayability, longevity or calving success of their daughters.
Introduction
Reproductive fitness is of critical importance for optimum biological and economic efficiency in the beef cattle enterprise. Reproduction is a complex trait with many components. Some of these components, such as calving success, longevity and stayability manifest themselves as threshold traits, while other components such as calving date, calving interval and age at first calving are of a continuous nature. Threshold traits are not continuous in their expression and exhibit distinct categorical phenotypes. The understanding of the inheritance of such traits lies in the visualisation that the trait has an underlying continuity with a threshold, which imposes a discontinuity on the visible expression of the trait (Falconer & Mackay, 1996) . The relationship between polygenes and the expression of discontinuous traits comes about through the establishment of thresholds. Linear model methodology, such as Henderson's method III, has frequently been used for the analysis of discontinuous as well as continuous data (Olivier et al. 1998) . This method of analysing discontinuous data with linear procedures is based on continuous phenotypic distributions and does not take the discontinuity of threshold traits into consideration. According to Gianola (1982) , the main theoretical objection to using BLUP (best linear unbiased prediction) with categorical data is that breeding values and residuals are not independent of each other. Threshold procedures should therefore be more suitable for analysis of categorical traits such as reproduction and stayability. The objectives of this study were to employ threshold procedures to estimate heritabilities and possible correlations between predicted sire breeding values for stayability at 36, 48, 60, 72 and 84 months of age, longevity and calving success. Of all females present at 24 months of age, 76% were retained at 36 months of age, while 24% were culled ( Table 1 ). The majority were removed due to failure to calve (22 %). There was no evidence that culling percentage was affected by stayability level, and 20-24% of females in each opportunity group were culled. The traits analysed in this study were calving success (CS), stayability at different ages (36, 48, 60, 72 and 84 months) and longevity. Stayability was defined as the probability of an animal surviving to a specific age, given the opportunity to reach that age. For analysis of stayability level data were divided into five opportunity groups containing records of only those animals that had the opportunity to survive to 36, 48, 60, 72 or 84 months. The records of animals included in the later opportunity groups also appeared in previous opportunity groups since no females were introduced from outside the closed herd. Stayability records were thus coded as "1" if the cow survived to the given age, or "0" if it was her last record. Stayability was measured each year for each of the different opportunity groups. Calving success was coded similarly. If a cow calved during a specific year, she was assigned a "1", otherwise a "0" was assigned. Longevity was calculated from the age at which the last data-set was recorded, e.g. if the last record for a cow was derived from data for 6 years of age, a longevity record of 6 was assigned. Longevity varied between two and ten years.
The data set included data from 5 694 daughters at 36 months of age ( Table 2 ). The number of records decreased with age, and for 84 months of age there were only 1 366 daughters of 128 sires still in the herd. During the period of investigation, 5 808 daughters of 171 sires were culled or died, and these records were used to estimate longevity. The categorical data modelling (CATMOD) procedure of SAS Institute Inc. (1993) was used to estimate the importance of non-genetic sources of variation. Farm, dam age, calving success (applied only to longevity and to stayability levels), dam birth year and production year were considered as non-genetic sources of variance in the initial model. All non-genetic sources were treated as fixed effects. The number of levels applied in the final model for each fixed non-genetic effect is shown in Table 3 . Two models were used for analysis of stayability level as the model became over-specified when both production year and dam birth year were included. Farm, calving success and dam birth year were thus included as fixed effects in one model and farm, calving success and production year were included in the other. Since threshold traits are not normally distributed, but expressed in two or more distinct categories, a threshold model was used to estimate heritabilities and to predict breeding values. A set of programmes for the analysis of "mixed" threshold models (GFCAT) based on the principles described by Gianola & Foulley (1983) and developed by Konstantinov (1995) was used. These non-linear methods are based on the standardised threshold model concept, under which the trait occurs as a result of an underlying unobserved phenotype exceeding a threshold (Konstantinov et al., 1994) . The unobserved continuous phenotypes are assumed to be normally distributed. The following model was used:
where µ is a vector of underlying means, b is a vector associated with the fixed effects, s is a vector of sire effects and X and Z are design matrices. Solutions for thresholds, b and s were computed as described by Konstantinov et al. (1994) . Since this is a sire model that requires that the sire variance (σ s 2 ) be known, a REML-type procedure, as proposed by Harville & Mee (1984) , was used. Heritabilities (h 2 ) were estimated as:
Simple product moment correlations between the predicted breeding values of individual sires were estimated for each trait in order to obtain genetic correlations between traits.
Results and Discussion
Farm, calving success, dam birth year and the year in which the dam had a record for that specific level (production year) influenced stayability at 36, 48, 60, 72 and 84 months of age (P ≤ 0.01). As farm had no effect on calving success (P = 0.125), only dam age, dam birth year and production year were included as fixed effects in the operational model. Farm, calving success and the dam birth year affected longevity (P ≤ 0.01) and were therefore included as fixed effects in the operational model.
The percentage of dams retained in the herd is shown in Table 4 . In general, a higher percentage of dams were retained on Farm 1 than on Farm 2. Culling was mainly due to failure to calve in the previous year. Dam birth year was included as a non-genetic effect in the operational model because the percentage of dams culled differed between years. As there was a three-year time lag between birth year and production year, the corresponding production and the dam birth year effects displayed the same pattern, the only difference being that of year number. For example, the difference between dam birth year and production year would be three years for 36 months stayability, four years for 48 months stayability and seven years for 84 months stayability. The best production years (the year in which the dams calved), during which the least The percentage of dams that calved is shown in figure 2 . Cows born in 1985 were the most productive dams with an average of 77 % calvings per opportunity, while those born in 1973 were the least productive with only 61 % calvings per calving opportunity. Of all the cows that were in production in 1975, only 44 % calved, while 78 % of the cows that were in production during 1990 calved.
Figure 2 Calving percentage of dams of different dam-birth and production years
Unfortunately, the model became over-specified when both dam birth year and the year the dam had a record for a specific trait (production year) were included. Both effects were, however, significant and are of biological value. It is conceivable that poor reproductive development as a result of a dam birth year that coincided with a period of nutrient scarcity would increase the likelihood of culling at an early age.
Solutions of thresholds, farm, calving success (CS) and dam age are presented in Table 5 . Two categories (one threshold) were used for stayability and calving success and ten categories (nine thresholds) for longevity. The thresholds are given as a deviation from the first threshold, which is set to zero. Table 5 shows an increase in the threshold for longevity with a subsequent drop after threshold eight, the threshold between nine and ten years of age. This indicates that a dam's chances of staying in the herd increased with age until nine years, after which it dropped rapidly, probably owing to culling for age. The solutions for farm, calving success and dam age are all deviations from the last category, which is set to zero. Viewed across all stayability levels, animals at Farm 2 had a higher probability of being retained. The solutions for dam age as a fixed effect for calving success varied with no distinct pattern, but eight-year-old dams had a higher probability of giving birth to a calf and two-year-old dams were more likely to fail. The threshold solutions for the dam birth year and production year have no biological value, and are thus not discussed further.
Heritability estimates for each trait are given in Table 6 . The heritabilities for the different stayability levels are in close agreement for both models, therefore, only results from model one are discussed. Heritability estimates for stayability were low, and in agreement with Parker et al. (1959 ), Miller et al. (1967 , Schaeffer (1975) , Van Doormaal et al. (1986) and Snelling et al. (1995) . Hudson & Van Vleck (1981) obtained estimates of 0.02, 0.04, 0.05, 0,05 and 0.05 at 36, 48, 60, 72 and 84 months, respectively in a Holstein herd. Heritability estimates of the various stayability levels were relatively constant across opportunity groups, except for those of 48 and 84 months stayability (0.10 and 0.11 respectively) that were slightly higher than those of the other stayability levels. Miller et al. (1967) also reported heritabilities for herd life that were relatively constant across opportunity groups. However, Everett et al. (1976) and Hudson & Van Vleck (1981) showed that heritability for stayability level increased with age at which stayability was measured in the interval from 36 to 72 months of age.
The heritability estimate of 0.03 for calving success was low and is in agreement with other reports. Meyer et al. (1990) obtained heritabilities of 0.08, 0.02 and 0.08 for calving success in Herefords, Angus and Zebu crosses respectively, while Mackinnon et al. (1990) reported an average heritability estimate for cow fertility of 0.11. The heritability of 0.08 for longevity was also low and corresponds with other estimates (Parker et al., 1959; Miller et al. 1967; Hudson & Van Vleck, 1981) . Arguments against active selection pressure for longevity include low heritabilities, the increased generation interval necessary to obtain survival information, and automatic selection because long-lived cows contribute more offspring to subsequent generations than do short-lived cows (Parker et al., 1960; Miller et al., 1967; Nicholson et al., 1978. However, Van Vleck's (1980) procedure for evaluating sires for stayability may reduced the waiting period for a proof. Bakker et al. (1980) showed that stayability might be important in determining expected net profits from one conception. Product-moment correlations between the various levels of stayabilities and calving success are shown in Table 7 . These correlations were all low and varied from 0.01 (between 60 and 84 months) to 0.22 (between 48 and 84 months). No correlation of any genetic value could be found. There will be little to no improvement in level of stayability when selection is applied at another level. The same pattern was found for calving success and different stayability levels. This also emphasises the low heritabilities for these traits. In general, these correlations differed from those found in the literature. Hudson & Van Vleck (1981) reported correlations between stayability levels that varied between 0.72 and 1.00. They obtained a correlation of 1.00 between stayability at 60 and 72 months, 0.95 between 48 and 72 months, 0.76 between 36 and 60 months, 0.80 between 36 and 48 months, 0.70 between 36 and 72 months and 0.72 between 36 and 60 months. The low product moment correlations found in this study could be due to the inclusion of calving success in the stayability models because the possible variance due to calving success is catered for. In the present study, there were no further records for a cow that was culled at 60 months, but in the study of Hudson & Van Vleck (1981) such a cow would have received a zero for the 78 and 84 month stayability levels. Thus, in the present study, a dam could receive a series of ones during her lifetime but only one zero, while a dam in the study of Hudson & Van Vleck (1981) could receive more then one zero. This could be the reason for the large differences between correlations reported here compared to other studies. 
Conclusions
Provided sufficient genetic variation exists, predictions of genetic merit for stayability may allow selection of sires whose daughters are more likely to remain in the herd. It can also be useful in the selection of replacement heifers. The heritabilities for and correlations between longevity, stayability and calving success estimated from this data appear to be of such a low magnitude that it seems unlikely that these traits could be improved through selection.
